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Prevention of Ventricular
esynchronization by Permanent
ara-Hisian Pacing After Atrioventricular
ode Ablation in Chronic Atrial Fibrillation
Crossover, Blinded, Randomized
tudy Versus Apical Right Ventricular Pacing
raldo Occhetta, MD, Miriam Bortnik, MD, Andrea Magnani, MD,
abriella Francalacci, MD, Cristina Piccinino, MD, Laura Plebani, PHD, Paolo Marino, MD, FESC
ovara, Italy
OBJECTIVES The aim of our study was to evaluate the feasibility, the safety, and hemodynamic improvements
induced by permanent para-Hisian pacing in patients with chronic atrial fibrillation and
narrow QRS who underwent atrioventricular (AV) node ablation.
BACKGROUND Right ventricular apical pacing, inducing asynchronous ventricular contraction, may impair
cardiac function; permanent para-Hisian pacing could preserve interventricular synchrony and
improve left ventricular function.
METHODS After AV node ablation, 16 patients were implanted with a dual-chamber pacemaker
connected to a screw-in lead positioned in close proximity to the His bundle and to a right
ventricular apical lead. Clinical and echocardiographic data were collected at baseline and
after two randomized six-month periods (with para-Hisian and conventional pacing).
RESULTS During para-Hisian pacing, the interventricular electromechanical delay improved as well
(34  18 ms) as during right apical pacing (47  19 ms), p  0.05. Para-Hisian pacing
allowed an improvement in New York Heart Association functional class (1.75 0.4 vs. 2.33
 0.6 at baseline and 2.5  0.4 during apical pacing, p  0.05 for both), in quality-of-life
score (16.2  8.7 vs. 32.5  15.0 at baseline, p  0.05), and in the 6-min walk test (431 
73 m vs. 378  60 m at baseline and 360  71 m during apical pacing, p  0.5 for both).
Mitral and tricuspid regurgitation improved during para-Hisian pacing (1.22  0.8 and 1.46
 0.5 index, respectively, vs. 1.68  0.6 [p  0.05] and 1.62  0.7 [p  NS] index at
baseline, respectively), with a slight worsening during apical pacing (1.93  1 and 1.93  0.7
index, respectively, p  0.05 for both).
CONCLUSIONS Permanent para-Hisian pacing is feasible and safe. Compared with conventional right apical
pacing, it allows an improvement in functional and hemodynamic parameters over long-term
follow-up. (J Am Coll Cardiol 2006;47:1938–45) © 2006 by the American College of
ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.01.056Cardiology Foundation
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an patients with atrial fibrillation (AF) refractory to drug
herapy, radiofrequency (RF) ablation of the atrioventricular
AV) node and permanent pacing are effective in controlling
he ventricular rate, and have been shown to be effective in
lleviating symptoms and in improving the quality of life
See page 1946
QoL) (1). Conventional right ventricular apical pacing may
esult in asynchronous ventricular contraction with delayed left
entricular activation (2), interventricular motion abnormalities
ith negative inotropic effects (3), and worsening of functional
itral and tricuspidal regurgitation (4). Moreover, some ran-
omized trials have reported negative effects of right conven-
ional apical pacing such as increased mortality, worsening of
eft ventricular function, and AF recurrences (5–9).
From the Divisione Clinicizzata di Cardiologia, Facoltà di Medicina e Chirurgia di
ovara, Università degli Studi del Piemonte Orientale, Novara, Italy.(
Manuscript received November 8, 2005; revised manuscript received December 12,
005, accepted January 2, 2006.Recently, the use of cardiac resynchronization has been
roposed for “primary prevention” in patients with conges-
ive heart failure that requires a high percentage of ventric-
lar pacing (10). In subjects with preserved intraventricular
onduction and AV block, physiologic cardiac stimulation
ould be achieved with biventricular pacing (11) as well as with
ermanent direct His-bundle or para-Hisian pacing (12,13).
The aims of our crossover, patient blind, randomized
tudy, in a patient population with chronic AF undergoing
V node ablation, were: 1) to evaluate the feasibility and
ong-term safety of permanent para-Hisian pacing; and 2)
o compare the effects of permanent para-Hisian pacing
ith those of conventional right apical stimulation on
unctional and hemodynamic parameters.
atient population. From September 2000 to June 2003,
6 patients underwent AV node RF ablation for chronic AF
n Novara, Italy. Patients were screened for enrollment if
hey had an indication for AV node ablation for chronic AF,
nd fast ventricular rate not controlled pharmacologically
digoxin, beta-blocker, or diltiazem, alone or in association),
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May 16, 2006:1938–45 Permanent Para-Hisian Pacing After AV Node Ablationoncomitant heart disease, narrow QRS complexes even at
igh ventricular rates (during 24-h Holter monitoring). All
atients gave their written informed consent.
Eighteen patients were excluded from the study: nine
ecause they had already been implanted with a pacemaker
PM) or an implantable cardioverter-defibrillator (ICD);
hree due to the absence of escape rhythm after RF ablation;
ix because they were in poor clinical condition and not
uitable for adequate clinical follow-up. In the end, 18
ubjects (50%) (9 men, age 71  5 years) were enrolled in
he study; their clinical characteristics are outlined in
able 1.
After the study of 18 patients, we considered that
easibility and safety end points had been reached, and
ecided to implant subsequent patients with a single para-
isian pacing lead only, without the back-up right ventric-
lar apical lead. We reasoned that the crossover intrapatient
nalysis in 18 patients comparing two randomized pacing
ites had allowed detection of a 60-m difference in the
-min walk test, with a power exceeding 90% at 5% level
Abbreviations and Acronyms
AF  atrial fibrillation
AV  atrioventricular
DDDR dual-chamber rate-responsive pacing-sensing
EF  ejection fraction
ICD  implantable cardioverter-defibrillator
NYHA  New York Heart Association
PM  pacemaker
QoL  quality of life
RF  radiofrequency
VVIR  ventricular rate-responsive pacing-sensing
able 1. Clinical Features of the Study Population
Patient #
Age
(yrs) Gender
NYHA
Functional
Class
1 69 F III
2 83 M II
3 63 F II
4 72 F II
5 66 M II
6* 75 M II
7† 67 F II
8* 70 F II
9 79 F III
10† 70 M III
11 78 M III
12 72 F II
13 78 M III
14* 71 F II
15* 75 M III
16 72 M II
17 65 F III
18 61 M III
Mean  SD 71.4  5.6 2.4  0.4
Patients in whom true direct His bundle pacing was achieved; †Patients subsequen
CAD  coronary artery disease; DCM  dilated cardiomyopathy; EF  ejection fractio
olter ECG monitoring during daily life; NYHA  New York Heart Association; Valves14). The study protocol was approved by the institutional
thics committee.
ETHODS
efore the ablate and pace procedure, all patients enrolled
nderwent New York Heart Association (NYHA) func-
ional class determination, assessment of QoL through the
innesota Living with Heart Failure questionnaire (15),
he 6-min walk test, and 24-h Holter electrocardiogram
ECG) monitoring.
Echocardiographic recordings were made using a phased-
rray echo-Doppler system (Sonos 5500, Philips, Andover,
assachusetts) equipped with a 3-MHz transducer. Com-
lete standard echocardiography, including measurements
f left ventricular ejection fraction (EF), internal left ven-
ricular diastolic dimensions, end-systolic and end-diastolic
olumes computed according to a biplane Simpson’s
ethod, was performed at baseline and was repeated at the
- and 12-month follow-up examinations. The severity of
itral and tricuspid regurgitation was graded semiquantita-
ively from color-flow Doppler in the conventional paraster-
al long-axis and apical four-chamber images, according to
he American Society of Echocardiography recommenda-
ions (semiquantitative analysis: 1mild, 2moderate, 3
evere) (16). Systolic pulmonary pressure was estimated
rom the continuous-wave Doppler tricuspid regurgita-
ion velocity. Pulsed-wave Doppler velocity signals were
ecorded from the right and left ventricular outflow tracts
o measure the right and left electromechanical delay
time from the beginning of QRS to the start of pulmo-
ary or aortic flow). The difference between pre-ejection
imes (interventricular mechanical delay) was used as an
rdiopathy
EF
(%)
Min HR
(beat/min)
Max HR
(beats/min)
M 44 40 190
ertension 48 29 190
ve disease 60 43 210
ve disease 50 47 123
ve disease 47 32 186
ertension 51 25 163
ves replac. 40 47 160
ertension 60 58 200
ertension 61 28 198
M 64 50 145
D 28 25 182
ertension 56 50 210
D 63 25 160
ertension 57 47 180
D 50 36 127
D 52 32 164
D 45 28 172
ertension 59 45 209
52.0  9.1 38.1  10.4 176.0  25.8
luded from the study (see text for further explanation).Ca
DC
Hyp
Val
Val
Val
Hyp
Val
Hyp
Hyp
DC
CA
Hyp
CA
Hyp
CA
CA
CA
Hyp
tly exc
n; HR  heart rate; Min and Max HR  heart rates observed during previous 24-h
replac.  previous valve replacement.
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Permanent Para-Hisian Pacing After AV Node Ablation May 16, 2006:1938–45ndicator of synchronicity between right and left ventric-
lar contraction.
V nodal RF ablation. Atrioventricular junction ablation
as performed positioning a standard electrode in the right
entricular apex for backup pacing, and an ablation 4-mm
atheter at the AV junction where the His-bundle potential
as barely visible and the atrial-to-ventricular electrogram
mplitude ratio was 2:1. Radiofrequency was then deliv-
red (70° for 60 s) in order to achieve a stable AV block with
n escape rhythm of 30 beats/min and narrow QRS,
receded by a Hisian potential. The ablation catheter was
eft to guide the following lead positioning for para-Hisian
acing.
acemaker implant with para-Hisian and apical right
entricular pacing. After RF ablation, a conventional
ipolar (passive or active fixation) lead was positioned in the
ight ventricular apex, via the right cephalic or subclavian
ein; the correct position was confirmed using standard
arameters (pacing threshold, lead impedance, and R-wave
ensing).
Through the same approach, another bipolar screw-in
ead (1.5-mm retractable helix) was advanced and posi-
ioned, using a steerable stylet (Locator 4036, St. Jude,
ylmar, California) high in the interventricular septum,
ith distal pole of the screw-in lead located as close as
ossible to the mapping lead dipole (in right and left
nterior oblique projections).
Phrenic nerve stimulation was excluded in all the patients
or both the implanted leads with a transient high-energy
timulation (8 V).
Successful criteria for direct His-bundle pacing were
efined as (13):
● 12-lead surface ECG equivalence between native and
paced QRS
● His-ventricular interval of the spontaneous escape
rhythm equal to the pace-ventricular interval (discrep-
ancy of 20 ms was allowed)
● Pacing threshold 2 V
riteria for para-Hisian pacing were:
● Paced QRS at least 50 ms shorter than right apical
paced QRS (always 130 ms)
● Paced QRS axis concordant with the electrical axis of
the native QRS (discrepancy not superior to 20° to
30°)
● Pacing threshold lower than 1 V, as also the muscular
portion of the interventricular septum was captured
he correct position of the pacing lead positioned in the His
rea (high interventricular septum) was assessed using the
ollowing parameters:
● R-wave sensing (escape rhythm) 5 mV
● Absence of atrial “far fields,” due to a too-high leadposition P● Paced QRS criteria concordant with the direct His or
para-Hisian pacing
en minutes after both leads were positioned, their stability
as checked, performing slight traction movements.
The high interventricular septum lead was then con-
ected to the “atrial” port, while the conventional right
entricular apical lead was connected to the “ventricular”
ort of a dual-chamber rate-responsive PM, which was pro-
rammed in DDDR mode with a short AV delay (90 ms). In
his way, if para-Hisian stimulation was effective, the
ollowing apical stimulus fell in the ventricular refractory
eriod, whereas if para-Hisian stimulation failed due to lead
islodgement and/or pacing threshold increase, cardiac
timulation was guaranteed by the conventional apical lead.
acemaker output was adjusted with a 100% voltage safety
argin above the pacing threshold for both the leads.
linical evaluation and follow-up. All the pacing param-
ters were re-evaluated before hospital discharge; chest
-rays with anterior-posterior, right and left anterior
blique, and lateral projections were also taken. After one
onth, the proper functioning of the system (both for
ara-Hisian and apical pacing) and the lead position stabil-
ty were checked using fluoroscopic images.
The enrolled patients were randomly assigned to a
ix-month period of “DDDR” pacing mode (para-Hisian
timulation with backup apical pacing), or to six months of
pical ventricular (“VVIR”) pacing mode. Periodic 24-h
olter monitoring tests were planned in order to confirm
he efficacy of the previous AV node ablation and to assess
onstant ventricular capture with the programmed pacing
ode. After completion of the first six-month period,
atients crossed over for a six-month period of the alterna-
ive pacing modality.
Rate-responsive algorithm programming (with activity
ensor activated) was the same in all patients and unchanged
n both randomized study periods; the lower rate was 80
eats/min during the run-in period to minimize the risk of
radycardia-dependent ventricular arrhythmias, and 70
eats/min during the two randomized study periods; the
pper rate was between 120 and 130 beats/min. Patients
ere blinded to the pacing mode assigned.
The run-in period and the subsequent balanced random-
zation of the sequence of pacing sites avoided the influence
f heart rate stabilization on the evaluated clinical effects
oncerning the different pacing sites. At the end of each
eriod, a complete assessment of QoL, functional class, and
chocardiographic parameters was performed; the medical
nvestigators who conducted the clinical and echocardio-
raphic evaluation were also blinded to the pacing mode.
ara-Hisian pacing effectiveness was determined by com-
aring the data obtained after six months with this pacing
odality with the results achieved after six months of apical
acing.
At the end of the one-year follow-up study period, the
M was permanently programmed in the para-Hisian
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May 16, 2006:1938–45 Permanent Para-Hisian Pacing After AV Node Ablationacing mode. The drug therapy administered after the
un-in period was the same during the two crossover study
eriods in all patients (digoxin in 56% of patients,
ngiotensin-converting enzyme inhibitors–angiotensin re-
eptor blockers in 75%, diuretics in 68%, beta-blockers in
1%, diltiazem in 19%, vasodilators in 37%, dicumarolics in
7%, acetylsalicylic acid in 12%).
tatistical analysis. All the data are expressed as mean 
D. The results were analyzed using paired two-tailed t tests.
Repeated-measures analysis of variance was used to assess
he site-pacing-related changes in left ventricular volumes,
ith the value of the EF (median of baseline value 52%) as
between-patient factor.
A p value 0.05 was considered statistically significant.
ESULTS
M implantation data. The implanted leads for apical
acing were conventional bipolar ventricular leads (active or
assive fixation). The leads used for para-Hisian pacing
ere screw bipolar leads: Capsure Fix 4068 (six patients),
068 (three patients), and 5076 (eight patients) (Medtronic
nc., Minneapolis, Minnesota). The pacing lead was always
ositioned in close proximity to the His-bundle potential
apping dipole (Fig. 1). All the patients were implanted
ith a dual-chamber PM Clarity DR 860, Vitatron (Arn-
em, the Netherlands) (rate-responsive PM with a dual
ensor: Activity  QT). Mean fluoroscopic exposure time
or the para-Hisian lead implant was 18  9 min (range
rom 8 to 40 min).
Acute pacing threshold ranged from 3.8 V (pulse width
.5 ms) in case of direct His-bundle pacing to values always
1 V in case of para-Hisian stimulation. The mean pacing
igure 1. Patient #6. Right anterior oblique (RAO) and left anterior obliqu
ace” procedure and Hisian pacing; 1  quadripolar Hisian mapping catheter; 2
 bipolar passive fixation positioned in right ventricular apex.hreshold was 0.92  0.7 V (0.5 ms); mean pacing imped-
nce was 614  177 ohms; mean sensed potential (R-wave
ensing) was 6.9  3.4 mV; atrial “far-field” potentials were
ever observed from para-Hisian pacing leads. Electrical
easurements detected from the apical ventricular lead were
ithin normal ranges (mean pacing threshold 0.55 0.1 V,
t 0.5 ms).
In one patient (#7), it was not possible to perform
ara-Hisian pacing because of lead instability, probably due
o AV junction anatomical changes subsequent to previous
itral and aortic valve replacement. In another patient
#10), five days after the implant, the patient experienced an
n-hospital cardiac arrest due to primary ventricular fibril-
ation; the system was then explanted, and a rate-responsive
ingle-chamber cardioverter-defibrillator was implanted.
Implant and complete follow-up data were collected in 16
atients with permanent para-Hisian pacing and backup
ight ventricular apical stimulation. In 4 of 16 patients
25%), true direct His-bundle stimulation was achieved
Fig. 2), with a correct latency between spike and paced
RS onset, similar to the native H-V interval. In 12 of 16
atients (75%), all the criteria for para-Hisian pacing were
et. Mean QRS duration was 88.3  7.1 ms at baseline,
21.1  9.9 ms during para-Hisian pacing, 179.4  17.8
s during apical pacing (p  0.001 QRS width during
ara-Hisian vs. apical stimulation). Data collected in each
atient (baseline QRS duration, QRS width during para-
isian and apical pacing) are reported in Table 2.
ollow-up data. All 16 patients completed the one-year
ollow-up with two randomized periods of para-Hisian
ersus conventional pacing. In one patient, a slight para-
isian lead dislodgement was observed one month after
O) fluoroscopic projections showing leads position during the “ablate ande (LA
 screw-in bipolar lead positioned in close proximity to the His-bundle;
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Permanent Para-Hisian Pacing After AV Node Ablation May 16, 2006:1938–45mplantation; the lead remained in a stable position at 3 cm
rom the original position, with a paced QRS similar to the
ne detected at implantation. No late dislodgement was
bserved after the first month of follow-up.
At follow-up examinations after 1, 6, and 12 months, the
RS duration remained the same as that recorded at
igure 2. Patient #6. 12-lead surface electrocardiogram: (A) after atriovent
hythm (QRS 100 ms); (B) during direct His-bundle pacing: paced QRS d
uring right apical ventricular pacing: paced QRS duration 160 ms, with
able 2. QRS Duration (ms) During Junctional Escape Rhythm
ith Nodal AV Block Post-RF Ablation (Basal), During
isian and Para-Hisian Stimulation (Pacing His), and During
ight Apical Conventional Stimulation (Pacing Apex)
Patient
Basal
(QRS, ms)
Pacing His
(QRS, ms)
Pacing Apex
(QRS, ms)
1 80 120 170
2 80 130 190
3 90 120 170
4 90 120 170
5 80 130 210
6* 80 100 160
7† 90 NA NA
8* 90 110 160
9 90 120 170
10† 90 130 190
11 80 130 210
12 90 120 170
13 100 130 200
14* 100 100 150
15* 100 120 180
16 80 130 200
17 90 120 170
18 90 130 180
Mean  SD 88.3  7.1 121.1  9.9 179.4  17.8
 0.05 Hisian/para-Hisian pacing vs. apical pacing. *Patients in whom true direct
is bundle pacing was achieved; †patients subsequently excluded from the study (seeext for further explanation).
AV  atrioventricular; NA  not available; RF  radiofrequency.
r
pmplantation. Pacing thresholds remained within acceptable
afety margins (1.0 0.8 V; 0.5 ms vs. 0.68 0.2 V during
pical stimulation; p  0.13) after 12 months of follow-up;
oth for apical and para-Hisian pacing, 5 V (0.5 ms) were
sed, with conventional impact on the battery life.
emodynamic and functional evaluation. Data on he-
odynamic and functional performances collected at the
nrollment, after six months of para-Hisian pacing, and
fter six months of right ventricular apical pacing are
eported in Table 3.
The NYHA functional class (2.33  0.6 baseline) was
nchanged during apical pacing (2.5  0.4) and showed a
ignificant improvement during para-Hisian stimulation
1.75  0.4; p  0.05 both vs. baseline and vs. apical
r node radiofrequency ablation: chronic atrial fibrillation with nodal escape
n 100 ms, with morphology and electric axis equal to the native QRS; (C)
e left-axis deviation and “left bundle branch block” morphology.
able 3. Functional and Echocardiographic Data Regarding
aseline Conditions, Para-Hisian Stimulation, and Right
entricular Apical Pacing of the 16 Patients in the Study
Baseline
Hisian/Para-
Hisian Pacing
Right Apical
Pacing
YHA functional class 2.33  0.6 1.75  0.4† 2.5  0.4
-min walk test (m) 378  60 431  73† 360  71
oL (score) 32.5  15 16.2  8.7* 20.6  8.5
V-EDV (ml) 98.8  29.6 93.2  26.6 99.4  33.1
V-ESV (ml) 49.3  25.0 44.7  17.6 50.9  23.2
VEF (%) 52.0  9.1 53.4  7.9 50.0  7.9
R degree 1.68  0.6 1.22  0.8† 1.93  1
R degree 1.62  0.7 1.46  0.5‡ 1.93  0.7
APs (mm Hg) 32.7  5.6 32.9  6.1 36.3  7.8
p  0.05 para-Hisian pacing vs. baseline; †p  0.05 para-Hisian pacing vs. apical
acing and vs. baseline; ‡p  0.05 para-Hisian pacing vs. apical pacing.
LV-EDV  left ventricular end-diastolic volume; LVEF  left ventricular
jection fraction; LV-ESV  left ventricular end-systolic volume; MR  mitralriculaegurgitation; NYHA  New York Heart Association; PAP  systolic pulmonary
ressure; QoL  quality of life; TR  tricuspid regurgitation.
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May 16, 2006:1938–45 Permanent Para-Hisian Pacing After AV Node Ablationacing). Exercise tolerance as assessed by the distance
alked in 6 min (378 60 m at enrollment) showed a slight
orsening during apical stimulation, which was not statis-
ically significant (360  71 m), but significantly improved
uring para-Hisian pacing (431  73 m; p  0.05 vs.
aseline and apical pacing). The QoL score showed a
ositive trend, which was not statistically significant, from
aseline (score 32.5  15.0) to apical conventional pacing
score 20.6  8.5), probably because the beneficial effect
nduced by heart rate regularization was counterbalanced by
he negative hemodynamic effects related to ventricular
esynchronization. Only during para-Hisian pacing was a
ignificant improvement observed (score 16.2  8.7; p 
.05 vs. baseline conditions).
The left ventricular EF did not show significant differ-
nces, with a slight increase during para-Hisian pacing
53.4  7.9%) compared with apical pacing (50.0  7.9%).
owever, when patients were stratified according to the EF
median of baseline values 52% or 52%), the site-pacing
elated changes in volumes differed between the two groups.
n patients with EF 52% (n  9), baseline left ventricular
olumes (diastolic 118  30 ml; systolic 66  27 ml) were
arger than those of patients with EF 52% (n  7)
diastolic 82  14 ml, p  0.04; systolic 31  5 ml, p 
.06). Furthermore, there was a site-specific interaction
etween the two groups, which was of borderline signifi-
ance (p  0.076), with a 13  20% (para-Hisian pacing)
nd 5  21% (apical pacing) cavity volume reduction in the
roup with low EF, and a 26  66% (para-Hisian pacing)
nd 35  58% (apical pacing) volume dilation in patients
ith good EF.
The degree of mitral and tricuspid regurgitation was
ignificantly greater during apical pacing (1.93 1 and 1.93
0.7 index at semiquantitative analysis, respectively) than
uring para-Hisian pacing (1.22  0.8 and 1.46  0.5; p 
.05 for both). A significant relation between pacing site
nd the degree of mechanical dyssynchrony was observed as
ell: conventional pacing resulted in significant prolonga-
igure 3. Interventricular mechanical delay (ms) during para-Hisian (His)t
nd apical (Apex) pacing in 11 patients evaluated with Doppler echocar-
iography: comparison between pre-ejection aortic and pulmonary times.ion of interventricular mechanical delay (47  19 ms),
hich was significantly higher than during para-Hisian
acing (34  18 ms, p  0.05) (Fig. 3).
ISCUSSION
ne of the aims of permanent cardiac stimulation is to
aintain an adequate heart rhythm, trying to restore the
hysiological sequence of heart activation. Over the last
ecades, great importance has been attributed to two ele-
ents considered essential for physiological cardiac stimu-
ation: AV synchrony and rate-responsive function. Dual-
hamber rate-responsive PMs, now widely used, were thus
onsidered “physiological.” More recently, clinical observa-
ions and large studies (5–9) comparing VVIR and DDDR
acing modes have demonstrated that the latter stimulation
odality is not fully “physiological” either. The Canadian
rial Of Physiologic Pacing (CTOPP) (5) with VVI com-
ared to DDD pacing, the Randomized Comparison of
trial and Dual-Chamber Pacing in 177 Consecutive Pa-
ients With Sick Sinus Syndrome (DANISH) study (6)
ith AAI versus DDD pacing, the Dual Chamber and VVI
mplantable Defibrillator (DAVID) trial (7) with ICD-VVI
ode (40 beats/min) compared with ICD-DDD mode (70
eats/min), the Mode Selection Trial (MOST) studies (8,9)
ith patients affected by sick sinus syndrome randomized to
DDR or VVIR pacing, and the Multicenter Automatic
efibrillator Implantation Trial (MADIT)-II patients with
redominantly right ventricular pacing (17), all reported
educed left ventricular systolic function and a higher
ospitalization rate for heart failure when the percentage of
ight ventricular pacing was high (40%). A truly physio-
ogical ventricular pacing modality, in fact, must ensure
orrect synchronization of the two ventricles. In case of
pontaneous ventricular desynchronization, biventricular
acing is currently being widely recommended because its
ositive results on cardiac function and QoL have been
onfirmed by major controlled trials (18–21). Apart from
ell-established biventricular pacing, other alternative pac-
ng sites have been proposed such as right ventricular
utflow tract (22) and bifocal right ventricular stimulation
23), with uncertain and partial results. In the presence of
reserved intraventricular conduction and AV nodal block,
owever, a preventive physiological mode of pacing should
e chosen (10); apart from well-established biventricular
acing (11), permanent direct His-bundle pacing could be
n optimal alternative (12,13), even if these two pacing
echniques have never been compared.
Electrical stimulation of the His bundle has been used for
iagnostic purposes since the 1970s, and recently too, by
arious researchers (24–27). In the 1990s, other researchers
28–30) introduced this approach for therapeutic purposes,
s an experimental non-conventional pacing site. In 2000,
eshmukh et al. (12) presented, for the first time, a study
opulation in which direct His-bundle pacing was achieved;
hey confirmed the reliability and the effectiveness of this
m
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Permanent Para-Hisian Pacing After AV Node Ablation May 16, 2006:1938–45odality of pacing in 12 of 18 patients (65%) with chronic
F, dilated cardiomyopathy (EF40%), NYHA functional
lass III to IV, and spontaneous narrow QRS complexes.
uring a mean follow-up of 23 months, they observed a
ignificant improvement in functional class and hemody-
amic parameters; it was not clear if the documented benefit
ould be related, at least in part, to ventricular rate control
ather than to pacing modality. Similarly encouraging re-
ults were also reported by Padeletti et al. (31) in 5 patients,
nd by Vazquez et al. (32) in 12 patients.
Recently, Deshmukh and Romanyshyn (13) confirmed
he previously obtained results in a larger patient cohort,
ell defining the possible problems related to this pacing
odality. In particular, he emphasized that the criteria for
rue direct His-bundle pacing are very rigorous and not
asily met: they were fulfilled in 70% of patients. In our
xperience, direct His-bundle stimulation was achieved in
5% of patients. In the majority (75%) of the population,
ara-Hisian pacing was obtained: the muscular portion of
he high interventricular septum was activated together with
he His-bundle conduction system. This is proved by the
elatively narrow paced QRS (always shorter than 130 ms)
nd, overall, the electrical axis that was always concordant
ith that of native QRS. The latter observation could mean
hat, despite a partial “pre-excitation” of the superior por-
ion of the interventricular septum, the conduction in the
is-Purkinje system allows the stimulus to be conducted to
he ventricular myocardium simultaneously, activating both
entricles in a synchronous fashion. The hypothetical pos-
ibility of damaging the His bundle using the helix of the
crew-in lead must be considered, however, even if it has not
een reported in preliminary studies (28,30).
Patients with chronic AF in whom the “ablate and pace”
rocedure is performed are particularly suitable for compar-
ng “non-physiological” right ventricular apical pacing with
physiological” para-Hisian stimulation. In these subjects,
n fact, the absence of atrial contraction allows researchers to
scribe possible hemodynamic improvements only to ven-
ricular resynchronization. In preliminary results reported by
eshmuck et al. (12), the benefits induced by Hisian pacing
ere determined by the comparison between the basal
re-ablation situation and this new mode of pacing; these
ositive results, however, could also have been related to the
eversal of tachycardiomyopathy, which was achieved with
V node ablation. The clinical experience of our group,
eported in previous preliminary abstracts (33,34) and in the
resent study, seems to confirm that, apart from the benefits
nduced by the regression of tachycardiomyopathy, which
ight have been achieved by ablation of the AV node,
hysiological para-Hisian stimulation also induces signifi-
ant functional and hemodynamic improvements. They
eem, to some extent, to be modulated by basal EF.
lthough there were no overall changes in ventricular
olumes, when patients were stratified according to pump
unction (EF 52% vs. 52%), site-pacing related changes
n volumes of borderline significance could be detectedetween the two pacing sites in favor of the para-Hisian
ode. Despite the limited number of depressed ventricles in
ur population, it is conceivable that differences in favor of
ara-Hisian pacing, according to our analysis, would be
urther amplified by recruiting patients with very low EF.
Furthermore, the amount of mitral and tricuspid regur-
itation significantly decreased (Table 3) only with para-
isian pacing, suggesting that the clinical and functional
mprovements with stimulation at this site are probably
ediated by improvement of interventricular dyssynchrony,
s evidenced by the decrease in the interventricular mechan-
cal delay associated with QRS shortening.
In conclusion, the efficacy on functional and hemody-
amic parameters and the long-term safety of para-Hisian
acing may allow a more widespread use of this technique,
ustifying this approach as the first choice in patients with
eft ventricular dysfunction and preserved intraventricular
onduction who require permanent ventricular stimulation.
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